A nested polymerase chain reaction (nPCR) protocol was applied to porcine semen to demonstrate the porcine circovirus type 2 (PCV2) shedding patterns and duration in naturally infected boars. Sperm morphology analysis was performed on a subset of samples to determine if the presence of PCV2 DNA in semen was associated with reduced semen quality. Semen was collected serially from 43 boars representing 6 breeds, aged 33.9 to 149.3 weeks. Of the 903 semen samples collected, 30 samples (3.3%) were positive for PCV2 DNA by nPCR from 13 boars. Boars shedding PCV2 DNA in semen ranged between 35.9 and 71.0 weeks of age, and shedding occurred during a period of up to 27.3 weeks. A semen nPCR test was 2.6 times more likely to be positive when collected from pigs that were #52 weeks of age, and 3.0 times more likely to be positive when collected from pigs that were #26 weeks from time of entry into the stud main unit (generalized estimating equations: P 5 0.02; 95% confidence interval [CI] of the odds ratio 1.2 to 5.5, and P 5 0.01; 95% CI of the odds ratio 1.3 to 6.9, respectively). These results demonstrate a sporadic and long-term shedding pattern of PCV2 DNA in semen from naturally infected boars. PCV2 DNA in semen does not appear to have detrimental effects on sperm morphology; however, boar age and, possibly, breed may contribute to the persistence of PCV2-shedding in semen.
Since the recognition of PCV2 as the etiological agent of PMWS, 7, 8, 11 the virus has been associated with several porcine circoviral diseases (PCVD) in pigs: porcine dermatitis and nephropathy syndrome, 15 congenital tremors, 19 abortion, and reproductive failure. 16 In experimental infections, PCV2 is detected in lesions from various tissues including heart, lung, spleen, liver, kidney, lymph node, thymus, thyroid, salivary gland, testes, intestine, pancreas, and brain. 8, 11 Although the pathogenesis and primary mode of transmission of PCV2 are not known, there is evidence to support horizontal and vertical transmission. Porcine circovirus type 2 was detected in ocular, nasal, and fecal secretions from experimentally infected swine 13 and field cases 18 suggesting horizontal transmission. Recently, PCV2 has been cultured from the feces of naturally infected swine suggesting a potential for fecal-oral transmission. 21 Evidence of vertical transmission is supported by the isolation of PCV2 from aborted fetal pig tissues 15 and stillbirth myocardia. 16 Porcine circovirus type 2 has been detected in semen from boars naturally infected with the virus, but the shedding pattern and duration were not determined. 12 In another study, PCV2 DNA was detected intermittently in semen from day 5 to 47 postinfection in specific-pathogen-free boars infected intranasally with PCV2. 14 There is, however, a lack of information on the long-term shedding patterns of PCV2 in semen from naturally infected boars. Because artificial insemination (AI) is a common practice in swine breeding, these data have significant implications for PCV2 transmission and biosecurity in the industry. Superior animal production and semen quality are required to be competitive and profitable, and it is unknown whether the presence of PCV2 in semen is detrimental to semen quality. In this study, the dynamics of PCV2 shedding in naturally infected boars maintained in a commercial AI stud were measured and sperm morphological traits of PCV2-shedding and nonshedding boar were characterized.
One-hundred-twenty-five boars, consisting of Duroc, Landrace, Hamline, Large White maternal, Large White paternal, and Meishan-synthetic breeds, were maintained at a biosecure commercial AI stud in Saskatchewan, Canada, permitted for export sales by the Canadian Food Inspection Agency. Semiannual vaccination for porcine parvovirus a was maintained, and all boars entering the stud were quarantined for 50-60 days and treated with 2 doses of 25 mg/kg dihydrostreptomycin b while in quarantine. Although the stud received replacement boars from both porcine respiratory and reproductive virus (PRRSV) positive and negative herds, there was no evidence of viral circulation in the stud based on quarterly serum (IgG) PRRSV enzyme-linked immunosorbent assay (ELISA) c testing and weekly polymerase chain reaction (PCR) d testing of semen dating back to September 1999. Boars in this study were tested for PCV2 antibodies (Ab) in serum (to confirm exposure) by a competitive ELISA (cELISA), as previously described. 20 During this study, less than 5% of semen samples collected were unacceptable because of motility or morphological defects, and a conception rate of 88% was observed.
Semen collected from individual boars was diluted with extender e to a final concentration of 3-billion live sperm cells per 80-ml total volume, stored at 4uC, and shipped in insulated boxes within 24 hours of collection from February 2002 to September 2003. Because semen collection was dictated by commercial product demand, collections from individual boars were subject to temporal variation. Extended semen was mixed by inversion, transferred to individual sterile 50-ml tubes, centrifuged at 500 3 g at 4uC for 15 minutes, and supernatant gently poured off, leaving 5 ml of concentrated cells in residual extender. Samples were vortexed for 15 seconds, and 1 ml was transferred to individual sterile 1.5-ml microcentrifuge tubes and stored at 270uC pending DNA extraction. DNA was extracted from 100 ml of each thawed and vortexed sample using a commercial kit f according to the manufacturer's instructions, except DNA was recovered with 100 ml of sterile water. DNA was stored at 270uC for 24 hours pending nested PCR (nPCR).
A previously described nPCR protocol 14 was adapted to eliminate nonspecific amplification. Adaptations for the primary reaction included 1.0-mM MgCl 2 , 1.6-mM each primer, and 1.25-U Taq DNA polymerase g using the conditions of 94uC for 3 minutes, followed by 20 cycles of 94uC for 1 minute, 65uC for 1 minute, and 72uC for 1 minute and 1 final cycle of 72uC for 7 minutes. Secondary reaction adaptations included 1.25-mM MgCl 2 , 1.6-mM each primer, and 1.25-U Taq DNA polymerase using the conditions of 94uC for 3 minutes, followed by 35 cycles of 94uC for 30 seconds, 65uC for 30 seconds, and 72uC for 30 seconds and 1 final cycle of 72uC for 7 minutes. Single DNA extractions were tested in duplicate by nPCR in a commercial amplification system. h If agreement between duplicates was not observed, DNA extraction and duplicate nPCR was repeated for that sample; all duplicate samples had agreement after re-extraction, when additional testing was necessary. Assay controls included extraction of a negative (100-ml sterile water) and a PCV2 virus-spiked sample using a PCV2 field isolate (Stoon7) at a concentration of 9.7 3 10 22 TCID 50 /ml in 100 ml of boar semen per extraction event. Stoon7 was obtained from porcine lymph tissue in 1998 from a PMWS case in Saskatchewan. 7 One negative control was used per 10 samples, per PCR event.
The lowest detection limit of the nPCR assay was determined by 10-fold dilutions of Stoon7 spiked into pretested 100-ml aliquots of PCV2-negative semen. The concentration of Stoon7 was determined by an immunoperoxidase monolayer assay following 1 passage in PCVnegative PK-15 cells, as previously described. 7 Spermiograms were prepared by mixing approximately 20 ml of eosin nigrosin sperm morphology stain (5.0-g nigrosin, 0.83-g eosin Y, 75-ml sterile distilled H 2 O with pH adjusted to 6.8) with 20 ml of semen in extender, as previously described. 2 One slide was prepared per boar per collection, and slides were stored at room temperature until examination of 200 cells per slide under 10003 oil emersion magnification to determine the ratio of live to dead sperm cells and specific morphological defects. Defects were categorized as: head (pyriform, tapered, microcephalic, macrocephalic, teratoid); midpiece (mito-chondrial sheath defect, distal midpiece reflex); principle piece (multiple tails, tail stump defect, coiled principle piece, accessory tails); detached normal heads; detached abnormal heads; proximal cytoplasmic droplet; knobbed acrosome; and the proportion of normal cells.
The proportion of boars that had at least 1 positive PCV2-positive semen sample in each breed was compared with the Fisher exact chi-square test. Generalized estimating equations 6 (GEE) were used to evaluate the individual effect of age, time after stud entry, number of samples, and breed on the semen nPCR results in boars with at least 1 PCV2-positive test. The effect of clustering was accounted for at the individual boar level. To determine the effect of seminal PCV2 status on semen quality, the mean percentage of live and normal sperm from nPCR positive and negative samples were compared using data from boars with both positive and negative samples. Since the data were normally distributed, the significance of observed differences was evaluated with the Student's t-test. All statistical tests were conducted using STATA 9 for Windows. i All boars were positive for PCV2 Ab in serum by cELISA prior to initiating semen collections. No boars within the facility presented with PMWS or PCVD during the study. The lowest detection limit of the modified nPCR was 9.7 3 10 24 TCID 50 /ml.
Because boars were sampled only during commercial production phases, the average time between individual collections for all boars was 11 6 8.9 days (range 2 to 81).
Of the 903 semen samples collected from 43 boars, serial collections were analyzed over 7.4 6 1.1 months (range 6.5 to 9). Porcine circovirus type 2 DNA was detected by nPCR in 30 of 903 semen samples (3.3%) from 13 (30.2%) boars tested (Fig. 1 ). Porcine circovirus type 2 DNA was only detected in Duroc and Landrace boars. While the study was not balanced by breed, 3 of 5 Duroc boars (60%) and 10 of 23 (43.5%) Landrace boars had at least 1 PCV2positive semen sample. The remaining 30 boars composed of Hamline (5), Large White maternal (6), Large White paternal (2), and Meishan-synthetic (2) breeds, did not shed PCV2 in semen, as detected by nPCR (33.9-149.3 weeks of age at collection).
No PCV2-positive semen samples were detected after 71 weeks of age, and there were a number of boars from each breed with no sample collected before 71 weeks of age. When those boars were omitted from the analyses, only 2 boars remained in each of those breed groups that had no boars with a PCV2-positive semen sample. There was no significant difference in the proportion of positive Duroc (2/3) or Landrace (10/20) boars with tests taken before 71 weeks of age (P 5 1).
Because no positive PCV2 nPCR results were obtained after 71 weeks of age, samples collected after 71 weeks were excluded from the analysis of the effect of age on the PCV2 status of the sample. Only samples from boars with at least 1 positive PCV2 semen nPCR result were included. This made the interpretation of the effect of age more conservative. A model that included all of the negative samples after 71 weeks of age would increase the calculated odds of a sample being nPCR-negative with increasing age. Breed and the number of samples analyzed per boar were not significant predictors of the PCV2 semen status. Semen nPCR test results were less likely to be positive as age and the time after entry increased; however, these variables could not be evaluated together in a single model because they increase consistently together and their effects would be additive in the model (colinearity). With age as a continuous predictor, the effect on the PCV2 semen nPCR result was not linear. The final model evaluating the effect of age used age dichotomized as #52 weeks or .52 weeks and an exchangeable correlation structure (correlation between results from the same animal is the same at different time points). A semen nPCR test was 2.6 times more likely to be positive when collected from boars that were #52 weeks of age (P 5 0.02; 95% confidence interval [CI] of the odds ratio 1.2 to 5.5). The final model evaluating the effect of the time from entry used the time from entry dichotomized as #26 weeks after entry or .26 weeks after entry and an exchangeable correlation structure. A semen nPCR test was 3.0 times more likely to be positive when collected from boars that were #26 weeks from entry (P 5 .01; CI of the odds ratio 1.3 to 6.9).
Sperm morphology analysis was performed on a subset of boars in this study: 10 PCV2-shedding boars (199 smears; boar ID: DU2, DU3, LR2, LR4-LR10) and 8 boars that did not shed PCV2 in semen (115 smears: data not shown) to determine the effect of PCV2 semen status on semen quality (based on the proportion of live and morphological normal cells). There was no significant difference between the proportion of live sperm (P 5 0.16) or morphologically normal sperm (P 5 0.54) between positive and negative samples. This did not change if a more complex analysis (GEE) was used to account for the effect of results of sperm analysis clustering on an individual animal basis (analysis not included).
Porcine circovirus type 2 DNA was detected in semen from 30.2% of naturally infected boars and in 3.3% of semen samples collected from a commercial AI stud. Porcine circovirus type 2-shedding in semen was sporadic in frequency and was detected over a period of up to 27.3 weeks. Of the 43 boars tested in this study, 73.3% of the PCV2-positive semen tests came from 5 boars, and we observed marked variation in the duration and number of individual PCV2-positive semen samples in each boar.
Boars ranged from 33.9 to 149.3 weeks of age for the period of this study; however, semen samples were more likely to be PCV2 DNA positive when collected from younger boars. The observation that no PCV2-positive semen samples were collected after 71 weeks of age and that younger boars were more likely to have PCV2-positive semen may be of importance to the swine industry. However, care must be taken in the interpretation of this result, as the number of animals in this study was small and may not be representative of the population.
Semen quality (proportion of live and morphologically normal cells) was not affected by the presence of PCV2 DNA in semen when PCV2-shedding and nonshedding boars were compared. Because a small number of animals were evaluated and the within and between animal variability was high, differences attributed to the presence of PCV2 DNA in semen would be difficult to detect.
All boars were positive for PCV2 Ab in serum before collection, but did not exhibit any PCVD; therefore, PCV2 seminal shedding may occur in the absence of clinical disease. It is not known if PCV2 detected by nPCR in semen was infectious or the quantity of virus present. Molecular assays are an efficient detective method to determine the presence of the virus; however, PCV2 virus isolation from semen has not been reported. Similarly, PRRSV RNA is detected in semen by PCR 5 ; however, transmission studies have proven that exposure of gilts to PRRSV-infected semen results in seroconversion and isolation of PRRSV from tissues in infected gilts. 17 PCV2 shed in semen may contribute to the infection of susceptible sows and fetuses upon breeding; however, PCV2 isolation from semen or a bioassay using PCV2-susceptible animals is required to confirm the potential infectivity of PCV2 in semen.
Observations regarding PRRSV may be analogous to PCV2, as PRRSV causes a persistent infection in boars. 4 Landrace, Yorkshire, and Hampshire boars infected experimentally with PRRSV demonstrate variability in the duration of PRRSV seminal shedding among breeds. 3 The observed trend of differences in breed susceptibility to PRRSV-shedding in semen requires further study of variable host factors in PRRSV persistence and resistance. Porcine circovirus type 2 DNA was detected in semen from Duroc and Landrace boars only; however, the semen of the Hamline, Large White maternal, Large White paternal, and Meishan-synthetic boars were negative for PCV2 DNA. Boars were not tested over a constant range in age or time after entry into the stud, and the total number of individual samples or breeds was not equal among boars. Whereas no interpretation regarding the susceptibility of shedding of PCV2 DNA with respect to breed can be made from this study, these observations warrant further study.
Further investigation into the effects of breed and age on the shedding characteristics of PCV2 in semen is needed. The frequency of PCV2 DNA detected in semen in this study was low and sporadic, and regularly scheduled collections over time would further discern the temporal dynamics of viral shedding. It is not known if nPCR of raw semen versus extended semen would improve the detection of PCV2; however, it has been reported that PCV DNA is more often detected in the seminal fluid and nonsperm cell fractions of boar semen. 12 It must be considered that boars seropositive for PCV2 may have persistent shedding in semen, and testing for PCV2 in semen may be required for commercial AI studs supplying semen to PCV2-susceptible sows. The significance of PCV2 DNA in semen as it relates to the transmission of the virus and its effects on reproductive success is currently unknown; however, it was determined in this study that PCV2 DNA in semen does not appear to adversely affect semen quality. In addition, the results presented in this study confirm the sporadic and long-term shedding of PCV2 DNA in semen from naturally infected boars and suggest that boar age and possibly breed may contribute to the persistence of PCV2 shedding in semen.
